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Modification of Tetrahexahedral Pd Nanocrystals with Ru and Their 
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Abstract:  Direct methanol fuel cell (DMFC) 
is a potential clean energy facility because of 
abundant resources, easy storage, and high 
safety of methanol. However, the low activity, 
poor durability, and high price of the catalysts 
hamper the development of DMFC. High-
index faceted nanocrystals usually show high 
catalytic activity for the electro-oxidation of 
small organic molecules due to high densities 
of low-coordinated surface sites. Surface modification is an alternative approach for improving catalyst performance via 
ligand effect or electronic effect. Herein, we prepared tetrahexahedral Pd nanocrystals (THH Pd NCs) enclosed by {730} 
high-index facets via electrochemical square-wave potential deposition, and modified the THH Pd NCs with Ru using cyclic 
voltammetry (CV). The coverages of Ru (θRu) were controlled by limiting the CV cycles. The electrocatalytic performance 
of the Ru-modified THH Pd NCs for methanol oxidation was studied using CV in an alkaline methanol solution. We found 
that Ru modification can greatly reduce the onset and peak potentials of methanol electro-oxidation from −0.33 to −0.39 V 
and from −0.16 to −0.26 V, respectively. The current densities at −0.3 V during methanol electro-oxidation increased with 
increasing θRu from 0 to 0.08, and decreased with increasing θRu from 0.08 to 0.27. When θRu was 0.08, the current density 
on the Ru-modified THH Pd NCs reached 1.5 mA·cm−2, which was 10 times higher than that achieved for the THH Pd NCs. 
To detect the products at molecular level during methanol electro-oxidation, in-situ electrochemical Fourier-transform 
infrared (FTIR) spectroscopy was applied. The spectra of both THH Pd NCs and Ru-modified THH Pd NCs (θRu = 0.08) 
showed that both CO2 and formate were produced. The band intensities of CO2 and formate on Ru-modified THH Pd NCs 
(θRu = 0.08) were 1.6- and 1.2-times larger than those of THH Pd NCs, respectively. However, the band intensity of COad 
during methanol electro-oxidation was almost equal on the two catalysts, implying that the “CO poison path” is not 
suppressed by Ru modification. These results indicate that a small amount of Ru (θRu = 0.08) modification is beneficial for 
the electrocatalytic oxidation of methanol by enhancing the “formate path” at low potential. Overall, this study illustrates 
the influence of Ru modification of THH Pd NCs on its catalytic performance in methanol electro-oxidation, which throws 
light on the synthesis and application of catalysts with high activities. 
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2  实验部分 
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备在美国EG&G公司的PAR-263A型恒电位仪上进
行，方波电位沉积由自行编制的软件控制。 
2.2  催化剂制备 
THH Pd NCs的制备：将玻碳电极浸入含有0.2 
mmol·L−1 PdCl2 + 0.1 mol·L−1 HClO4溶液的三电极
玻璃电解池，施加方波电位程序处理：先在1.2 V
极化10 s以清洁电极表面，然后在−0.1 V停留0.02 
s进行电极表面成核， 后施加上限电位0.7 V，下
限电位0.3 V，频率100 Hz的方波电位处理45 min，
即可得到{730}晶面围成的THH Pd NCs 6。 
Ru的修饰：将制备好的THH Pd NCs电极置于
5 × 10−5 mol·L−1 RuCl3 + 0.1 mol·L−1 H2SO4溶液中，
采用循环伏安扫描电沉积法修饰Ru，电位区间为









的吸脱附电量， QH为 THH Pd NCs电极在 0.1 
mol·L−1 H2SO4溶液中氢区的吸脱附电量。 
2.3  电化学性能测试 
甲醇电氧化实验在0.1 mol·L−1 NaOH + 0.5 
mol·L−1 CH3OH溶液中测试，通N2饱和，循环伏安
电位扫描范围为−0.9 – 0.3 V，扫描速率50 mV·s−1。
计算甲醇氧化电流密度时电化学活性面积使用未
修饰的THH Pd NCs的氢区电量。 
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3  结果与讨论 




H2SO4溶液中的CV曲线，扫描区间为−0.20 – 0.65 
V，扫描速度为50 mV·s−1。上限电位设在0.65 V 主
要是为了防止Ru在高电位条件下发生溶出。该组




表面。在0.005 – 0.40 V区间为双电层区，其双电层
电流随着Ru覆盖度的增加而增加，这可归因于Ru
表面更容易生成OH物种，导致双电层电容和电流
的增大19。在0.40 – 0.65 V的氧区范围内，THH 
















图1  Ru修饰后THH Pd NCs的SEM图(a)以及不同Ru覆盖度(θRu)的{730}晶面围成的Pd二十四面体的循环伏安曲线(b) 
Fig. 1  (a) SEM image and (b) cyclic voltammograms (CVs) of Ru modified THH Pd NCs with {730} facets. 
Curves in Fig. b were recorded in 0.1 mol·L−1 H2SO4 solution. Scan rate: 50 mV·s−1. 





饰THH Pd NCs电极，尤其当θRu ≥ 0.07时，其起峰















饰的THH Pd NCs (θRu = 0.08)不同电位氧化的原位
 
图 2  不同 Ru 覆盖度的{730}晶面围成的 THH Pd NCs 
电极在甲醇中的(a)循环伏安曲线，(b)正向扫描曲线的 
局部放大的正向扫描曲线，(c)峰电位和−0.3 V 时的 
电流与 Ru 覆盖度的关系 
Fig. 2  (a) Cyclic voltammograms (CVs), (b) enlarged 
curves of the forward segments and (c) variation of  
peak potential (EP) and the current density under −0.3 V  
in the positive-going potential scan of Ru modified  
THH Pd NCs enclosed by {730} facets with different  
Ru coverage for methanol electrooxidation in 0.1 mol·L-1 
NaOH + 0.5 mol·L−1 CH3OH solution. 
Scan rate: 50 mV·s−1. The current density was normalized against the  
ECSA of THH Pd NCs.  
图3  甲醇在THH Pd NCs和Ru修饰的THH Pd NCs  
(θRu = 0.08)上不同电位氧化的原位红外光谱图(a，b)和 
相关液相产物的透射红外光谱图(c) 
Fig. 3  Electrochemical in situ FTIR spectra of  
methanol oxidation on (a) THH Pd NCs and  
(b) Ru modified THH Pd NCs (θRu = 0.08) at different 
potentials; (c) transmission IR spectra of species  
relevant to methanol oxidation. 
0.1 mol·L−1 NaOH + 0.5 mol·L−1 CH3OH solution.  
ES = −0.70 – 0 V, ER = −0.90 V. 













Ru修饰的THH Pd NCs (θRu = 0.08)上甲酸根的强度
是THH Pd NCs的1.2倍，说明少量Ru的修饰可以促
进甲酸根的生成。另外，对比二氧化碳(2345 cm−1)
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图4  甲醇在THH Pd NCs和Ru修饰的THH Pd NCs  
(θRu = 0.08)上氧化的SNI-FTIR光谱 
Fig. 4  SNI-FTIR spectra of methanol oxidation on THH 
Pd NCs and Ru modified THH Pd NCs (θRu = 0.08). 
0.1 mol·L−1 NaOH + 0.5 mol·L−1 CH3OH solution.  
ES = −0.40 V, ER = −0.90 V. 
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